The title benzofuran derivatives 2-amino-5-hydroxy-4-(4-nitrophenyl)benzofuran-3-carboxylate (BF1), C 19 H 18 N 2 O 6 , and 2-methoxyethyl 2-amino-5-hydroxy-4-(4-nitrophenyl)benzofuran-3-carboxylate (BF2), C 18 H 16 N 2 O 7 , recently attracted attention because of their promising antitumoral activity. BF1 crystallizes in the space group P1. BF2 in the space group P21/c. The nitrophenyl group is inclined to benzofuran moiety with a dihedral angle between their mean planes of 69.2 (2) in BF1 and 60.20 (6) in BF2. A common feature in the molecular structures of BF1 and BF2 is the intramolecular N-HÁ Á ÁO carbonyl hydrogen bond. In the crystal of BF1, the molecules are linked head-to-tail into a one-dimensional hydrogen-bonding pattern along the a-axis direction. In BF2, pairs of head-to-tail hydrogen-bonded chains of molecules along the b-axis direction are linked by O-HÁ Á ÁO methoxy hydrogen bonds. In BF1, the butyl group is disordered over two orientations with occupancies of 0.557 (13) and 0.443 (13).
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Chemical context
Organic heterocyclic materials play a very important role in the field of synthetic chemistry because of their relevant biological activity: the great majority of marketed drugs contain at least one heterocycle in their molecular structure (Wu, 2012; Gomtsyan, 2012) . At the same time, the high polarizability of heterocycles results in particular optical and electronic properties that make these systems key elements in materials chemistry, fundamental for the rapid development of new advanced materials. Heterocyclic-based novel materials have been investigated in the fields of organic photovoltaics (Maglione et al., 2017; Maglione, Carella, Carbonara et al., 2016; Holliday et al., 2016; Jin & Irfan, 2017; Bruno et al., 2014; Morvillo et al., 2016) , luminescent materials (Caruso et al., 2013; Borbone et al., 2016) non-linear optics (Carella et al., 2005; Caruso et al., 2006) . Among compounds containing oxygen heterocycles, benzofuran derivatives have proven to be powerful systems displaying a wide range of biological properties including antimicrobial (Alper-Hayta et al., 2008; Piotto et al., 2017; Soni & Soman, 2014) , antitumor (Xie et al., 2015; Hayakawa et al., 2004) , anti-parasitic (Thé venin et al., 2013) and analgesic activities (Wang et al., 2017) . In the field of materials chemistry, benzofuran derivatives have found applications in the ISSN 2056-9890 area of industrial dyes as optical whiteners or disperse dyes characterized by high fastness properties. Moreover, interesting applications of benzofuran-based organic sensitizers for dye-sensitized solar cells (Justin Thomas & Baheti, 2013) have been recently discovered. Different synthetic strategies are reported for the synthesis of benzofurans, the majority of which are associated with transition-metal-catalysed annulation reactions of pre-functionalized substrates that are typically synthesized by Heck or Sonogashira coupling reactions (Anderson et al., 2006; Guo et al., 2009; Li et al., 2011; Yue et al., 2005) . In a recent paper, inspired by a previous work (Obushak, 2002) , we managed to fine-tune a synthetic procedure for the synthesis of two benzofuran derivatives and their antiproliferative activity and ability to bind telomeric DNA was proved (Carella et al., 2019) . This synthesis was realized by using a cheap and simple reaction known as the Craven reaction, which does not need either a precious transition metal as catalyst or an inert gas environment to be carried on. The Craven reaction is a well-known procedure for the synthesis of benzodifuran derivatives that consists of the reaction of 1,4-benzoquinone with various cyanoacetic esters in alcoholic ammonia (King & Newall, 1965; Caruso et al., 2009; Carella et al., 2012) . While the Craven reaction typically affords benzodifuran derivatives almost exclusively, we observed (Carella et al., 2019) that, by properly optimizing the reaction conditions, it is possible to isolate benzofuran derivatives as the main product and in significant yields (up to 38%). The formation of benzofuran derivatives was confirmed by elemental CHN analysis.
As shown in Fig. 1 , two different constitutional isomers can in principle form during the reaction, with the p-nitrophenyl group functionalizing the benzofuran ring in position 4 (isomer A) or 7 (isomer B). The NMR analysis and the differential scanning calorimetry (DSC) analysis performed suggested that only one of the two possible isomers was recovered for both of the benzofuran derivatives. In particular, following the results of NMR analysis, in the previous paper we proposed that type A isomers were obtained, namely the title compounds. The determination of the real molecular structure of the isomer actually formed during the reaction is undoubtedly also interesting in consideration of the antitumoral properties shown by this class of compounds (Carella et al., 2019) . In this context, to ultimately confirm that the A isomer forms, we report here the structural investigation of the previously synthesized benzofuran derivatives BF1 and BF2.
Structural commentary
XRD analysis of single crystals grown as described in the experimental section confirmed that the benzofuran derivatives previously reported (Carella et al., 2019) are the isomers A indicated in Fig. 1 . The molecular structures of BF1 and BF2 are shown in Figs. 2 and 3. The obtained isomers are characterized by a cisoid configuration of the two substituents at C2 and C4, with a higher steric hindrance as compared to isomer B: in this case, the ortho-orientating effect of the electron-acceptor nitrophenyl group drives the path of the reaction, prevailing over steric considerations.
No unusual geometric features were found in either structure, all bond lengths and angles being in expected ranges and in agreement with analogous benzofuran derivatives reported in the Database survey section of this paper. A common structural feature in BF1 and BF2 is the intramolecular N-HÁ Á ÁO hydrogen bond between the amine group and the research communications Figure 2 Molecular structure of BF1, with displacement ellipsoids drawn at the 30% probability level. The minor component of the disordered butyl group is drawn with open bonds.
Figure 3
Molecular structure of BF2 with displacement ellipsoids drawn at the 30% probability level.
Figure 1
Reaction scheme for the preparation of benzofuran derivatives BF1 and BF2: the reaction could afford two different isomers.
carbonyl oxygen ( Tables 1 and 2 ) that leads to near coplanarity of the -COO-group and the benzofuran ring [15.71 (18) in BF1 and 23.85 (2) in BF2]. The geometry at N1 amine atom is almost planar [deviation of N1 from least square plane of attached atoms is 0.01 (4) Å in BF1 and 0.16 (2) Å in BF2]. A shortening of the N1-C1 bond distance [1.318 (7) Å in BF1 and 1.335 (3) Å in BF2] is observed, compared with a mean value for a Csp 2 -NH 2 bond of 1.336 (17) Å (Allen et al., 1987) . Such geometric features suggest a partial conjugation of the N atom with benzofuran that is more marked in BF1, where a shorter N1-C1 bond distance and a more evident planar geometry at N1 are found. The benzofuran group is planar within 0.049 (4) Å in BF1 and 0.040 (2) Å in BF2; the nitrobenzene group is planar within 0.027 (5) Å in BF1 and 0.074 (2) Å in BF2. The dihedral angle between benzofuran and nitrophenyl mean planes is 69.26 (16) in BF1 and 60.20 (6) in BF2. The orientation of the nitrophenyl group clearly minimizes interactions with the adjacent ester group. Small differences (Fig. 4) are found between the molecular geometries of BF1 and BF2, apart from the different orientation of the methoxyethyl or butyl groups resulting from a different torsion angle around C16-C17 [mean value of 172.9 (11) in BF1 and 83.6 (2) in BF2]. In BF1, the butyl group is disordered over two orientations that differ in the torsion angle around C17-C18 bond [C16-C17A-C18A-C19A = 171.5 (17) and C16-C17B-C18B-C19B = À81 (2) ].
Supramolecular features
In BF1 and BF2, the crystal packing is dominated by strong N-HÁ Á ÁO and O-HÁ Á ÁO hydrogen bonds and weak C-HÁ Á ÁO interactions (Tables 1 and 2 ). Weak intermolecular C-HÁ Á Á interactions are also present in BF2 due to the edge-toface contacts between nitrobenzene and furan ring systems. In BF1, the amine group is involved only in one intramolecular hydrogen bond, acting as donor towards the close Table 1 Hydrogen-bond geometry (Å , ) for BF1. Symmetry codes: (i) x; y þ 1; z þ 1; (ii) Àx þ 1; Ày; Àz; (iii) x À 1; y; z.
Table 2
Hydrogen-bond geometry (Å , ) for BF2.
Cg1 and Cg2 are the centroids of the O1/C1/C2/C3/C8 and C3-C8 rings, respectively. 
Figure 4 carbonyl O atom. The hydroxy group is involved only in one intermolecular hydrogen bond, acting as donor towards the carbonyl O atom of an adjacent molecule. In the crystal packing, chains of strong O-HÁ Á ÁO head-to-tail hydrogenbonded molecules are formed along a-axis direction (Fig. 5) . The chains are connected into a three-dimensional network by weak intermolecular interactions involving the nitro group as acceptor from C ar -H atoms (Table 1 ). In particular, the C11 atom acts as a hydrogen-bond donor to the nitro O3 atom, forming centrosymmetric dimers. In BF2, one more O acceptor atom is present compared to BF1. The amine group is involved both in intra-and intermolecular hydrogen bonds. Similarly to BF1, an intramolecular N-HÁ Á ÁO hydrogen bond is formed with the carbonyl oxygen atom. An intermolecular N-HÁ Á ÁO hydrogen bond is formed with the hydroxy oxygen atom of an adjacent molecule as acceptor. The hydroxy group is also involved as donor in O-HÁ Á ÁO hydrogen bonds with the methoxy O atom of an adjacent molecule. In the crystal packing, neighbouring head-to-tail hydrogen-bonded chains of molecules are linked through O-HÁ Á ÁO methoxy hydrogen bonds and weak intermolecular C-HÁ Á Á(benzofuran) interactions, wrapping around the 2 1 screw axis (Fig. 6 ).
Database survey
A search of the Cambridge Structural Database (CSD, Version 5.40, November 2018 with February 2019 updates; Groom et al., 2016) found 25 structures that match the fragment made of benzofuran substituted at the 2-position with -NX 2 (X = C, H). The hits found are crystal structures determined at temperatures in the range 103-298 K. Among these, 11 structures match the 2-amino-benzofurane fragment present in BF1 and BF2: DOZYIB (Caruso et al., 2009) , FERXEG (Otsuka et al., 2004) , FUFBEO (Murai et al., 2004) , GOWHEF (Tandel et al., 1998) , GUYXEE (Yi et al., 2010) , QINXUI , RAMZAH and RAMZEL (Ishikawa et al., 2005) , RISSAP and RISSET (Li et al., 2014) and SECDUZ (Becker et al., 1989) . Of these, two are similar to the title compounds: 2-amino-3-(p-tolyl)benzofuran-4-yl acetate and 2-amino-3-(4-methoxyphenyl)benzofuran-4-yl acetate (RAMZEL and RAMZAH) in which the aryl ring is inclined to the benzofuran ring system by 61.9 (5) and 52.1 (6) , respectively [69.26 (16) in BF1 and 60.20 (6) in BF2]. The acetate group is inclined to the benzofuran ring system by 68.8 (6) in RAMZAH and 75.68 (5) in RAMZEL, while in the title compounds near co-planarity of the -COO- Table 3 Interaction energies for BF1-molA (kJ mol À1 ).
R is the distance between molecular centroids (mean atomic position) in Å and N is the number of molecules at that distance. Total energies are the sum of the four energy components, scaled according to the appropriate scale factor (a) . Table 4 Interaction energies for BF2 (kJ mol À1 ).
R is the distance between molecular centroids (mean atomic position) in Å and N is the number of molecules at that distance. Total energies are the sum of the four energy components, scaled according to the appropriate scale factor (a) . 
group with benzofuran is observed [15.71 (18) in BF1 and 23.85 (2) in BF2]. In the 11 hits, the C-N amine bond distance ranges between 1.305 and 1.408 Å with an average value of 1.34 (2) Å , compared to 1.318 (7) Å in BF1 and 1.335 (3) Å in BF2.
Analysis of Hirshfeld surfaces and interaction energies
In order to detect additional packing features and to analyse close intermolecular contacts in BF1 and BF2, we have examined the Hirshfeld surfaces and two-dimensional fingerprint plots using CrystalExplorer17.5 (Turner et al. 2017) . The electrostatic potentials were calculated using TONTO, integrated within CrystalExplorer. The interaction energies between the molecules were obtained using wavefunctions at the B3LYP/6-31G(d,p) level. The total interaction energy was calculated for a 3.8 Å radius cluster of molecules around the selected molecule. The scale factors used in the CE-B3LYP benchmarked energy model (Mackenzie et al. 2017) are given in footnote of Tables 3 and 4. Calculations were made for both disorder components of BF1; results for the major disordered component (named BF1-molA) are reported since very small differences were found between them.
The two-dimensional fingerprint plots of BF1-molA ( Fig. 7 ) and BF2 (Fig. 8) show the significant intermolecular interactions. In both compounds, the greatest contribution arises from OÁ Á ÁH/HÁ Á ÁO interactions (35.5% in BF1-molA and 38.3% in BF2) that correspond to strong hydrogen bonds (see Tables 1 and 2 ). These interactions are displayed as a pair of sharp spikes at about d i + d e = 2.0 Å , symmetrically disposed with respect to the diagonal in Fig. 7and 8 (top) . The large number of HÁ Á ÁH interactions (35.3% in BF1-molA and 30.8% in BF2) are shown as a diagonal blue strip that ends, with a more evident sting in BF2, at about Two-dimensional fingerprint plots of significant intermolecular contacts for BF1 (major disorder component) with the d norm surfaces indicating the relevant surface patch associated with the specific contact. The Hirshfeld surface mapped over d norm with strong hydrogen bonded molecules outside is also shown.
Figure 8
Two-dimensional fingerprint plots of significant intermolecular contacts for BF2 with the d norm surfaces indicating the relevant surface patch associated with the specific contact. The Hirshfeld surface mapped over d norm with strongly hydrogen-bonded molecules outside is shown.
contacts were found in BF1 and BF2, confirming the absence of -stacking interactions. Other contacts are NÁ Á ÁH/HÁ Á ÁN (2.9% in BF1-molA and 2.3% in BF2); CÁ Á ÁO/OÁ Á ÁC (1.5% in BF1-molA and 1.8% in BF2); OÁ Á ÁO (1.7% in BF1-molA and 2.6% in BF2). In the Hirshfeld surfaces of BF1 and BF2 mapped over d norm (Figs. 7 and 8) , the strong intermolecular hydrogen bonds are observed as red spots. These interactions can be also identified in the Hirshfeld surfaces mapped over the electrostatic potential (Fig. 9) where the negative potential around oxygen appear as bright red and positive potential around hydrogen as bright blue.
The energies of interaction between molecules in the crystal structures of BF1-molA and BF2 were explored using CrystalExplorer to perform energy calculations for a 3.8 Å cluster of molecules around the selected molecule. The data reported in Tables 3 and 4 show that the crystal packing in both compounds is mostly stabilized by electrostatic and dispersion energy and that the major contribution to the electrostatic energy originates from strong hydrogen bonds. Some interaction energies were analysed and their possible interaction energies and geometry are reported. In Table 3 , the lowest E ele interaction energies correspond to pairs of molecules involved in the intermolecular hydrogen bonds reported in Table 1 and to weak N-HÁ Á ÁO-N and C-HÁ Á ÁO C interactions (not included in Table 1 because the donor-HÁ Á Áacceptor geometry is out of the normal range). One destabilizing positive interaction energy (E ele = 8.5 KJ mol
À1
) can be associated with a pair of molecules where the nitro groups point to each other with repulsive N-OÁ Á ÁO-N interactions. In Table 4 , the analysed interactions with low E ele interaction energies can be associated with pairs of hydrogen-bonded molecules (Table 2) . Framework interactions in BF1-molA (a, b, c) and in BF2 (d, e, f) with the electrostatic energy (red cylinders), dispersion energy (green cylinders) and total energy (blue cylinders). Yellow cylinders in (a) depict destabilizing positive interaction energies. Scale for tube/cylinder size is 80, cutoff of 8.00 kJ mol À1 used.
Figure 9
Hirshfeld surface mapped over the electrostatic potential energy for (a) the major disorder component of BF1 and (b) BF2.
The supramolecular architectures for the crystal structures of BF1 and BF2 (Fig. 10) were visualized by energy framework calculations (Turner et al., 2015; Mackenzie et al., 2017 ) that were performed using CE-B3LYP energy model for a 2 x 2 x 2 (BF1-molA) and a 2 x 2 x 1 (BF2) block of unit cells. Energies between molecular pairs are represented as cylinders joining the centroids of pairs of molecules, with the cylinder radius proportional to the magnitude of the interaction energy. Frameworks were constructed for E ele (red cylinders), E dis (green) and E tot (blue), the scale for tube/cylinder size is 80 and cutoff of 8.00 KJ mol À1 was used. Yellow cylinders in Fig. 10a depicts poor destabilizing positive interactions energies in the crystal packing of BF1.
Synthesis and crystallization
BF1 and BF2 were synthesised as described in a previous report (Carella et al., 2019) . For both compounds, single crystals suitable for X-ray analysis were obtained by slow evaporation of THF-heptane (v:v = ?:?) solutions at room temperature.
Refinement
Crystal data, data collection and structure refinement details for BF1 and BF2 are summarized in Table 5 . In both structures, hydroxy and amine H atoms were found in difference electron-density maps and then freely refined. All the other H atoms were positioned geometrically (C-H = 0.93-0.96 Å ) and were refined using a riding model with Uiso(H) = 1.2U eq (C) or 1.5U eq (C-methyl). In BF1, the butyl group bound to O5 is disordered over two positions with refined occupancy factors of 0.557 (13) and 0.443 (13). As a result of the brittleness of the crystals, which broke under the cold stream nitrogen flow, it was not possible to collect data at low temperature. This could explain the rather high R values for BF1, where disorder is present. research communications program(s) used to refine structure: SHELXL2018 (Sheldrick, 2015) ; molecular graphics: ORTEP-3 for Windows (Farrugia, 2012) and Mercury (Macrae et al., 2006) ; software used to prepare material for publication: WinGX (Farrugia, 2012) and publCIF (Westrip, 2010) .
Butyl 2-amino-5-hydroxy-4-(4-nitrophenyl)benzofuran-3-carboxylate (BF1)
Crystal data Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. The alkyl group at O5 is disordered over two orientations. The two split positions were refined by applying DFIX and SIMU restraints on bond lengths and displacement parameters. 109.0 N1-C1-C2-C15 −8.7 (10) C4-C9-C10-C11 −179.9 (5) O1-C1-C2-C15 170.4 (5) C9-C10-C11-C12 1.8 (9) N1-C1-C2-C3 179.1 (7) C10-C11-C12-C13 −0.6 (9) O1-C1-C2-C3 −1.9 (7) C10-C11-C12-N2 178.9 (6) 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

2-Methoxyethyl 2-amino-5-hydroxy-4-(4-nitrophenyl)benzofuran-3-carboxylate (BF2)
Crystal data 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
